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Abstract of WO9901146 (JP 2001507375) 



Methods and compositions are provided for treating diluents (mcluding 
whole blood or at least one blood component) comprising hemoglobin 
containing erythrocytes (i.e., red blood cells)) in order to increase the o^^gen 
delivery capacity of the hemoglobin, wherein nitric oxide is bound to most or 
all of the hemoglobin present in said erythroc^es as alpha 
-nitrosyl'hemoglobin or its oxygen bound forms* 
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fig ;d ^ It ^ * j* "i? * - 

(b) mlSNOfflS#»?aSSr[sl'i5lT-5=:i:*-StJ' 

3. fufe^spxgti, 
(i) miffil&f??S^»iKig<t;u. 
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5 . (d) mm^^<Dmjbi\zm^t^ikmm^^^^^T^m^^ omm^m 
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12. immitmco^mzjio^m^ntz. No^mmmo 

1 5. fuB2ftf^?«t^±jfiiXtd;^^7U< .ht) 1 -ii^cDifii^i^^^^-^tr, 1151^:^1 SIB 

1 6. HuieN0^31f&8R?gq3c^)i^jfe^qeii7*Dh*>(^^i.^;^^ 0-9 9 

Sifts a h □'>;i.-^^^D e>T^-g>. if jRii 1 lEKOD^ri. 
1 7. tSf5^3!jPIg«, 

(i) mm^mm^m^i^mitL. -^i^-v. 

(ii) BUlB#JfaJ^4'<7:)tufB'^^^*D t: >(7)^^7'j:< <h t) 8 0/j:lib 9 9 %7&^a'- 

- h D f> -\ D h' > tc K{b $ n -2) (3 Bu le^f^^i^ (c N o ^ S ^ 
1 8. ^J/^7'j:< iifeS 0-95 a - — h D v-jU-^^^y n t*>T^-g>^^iJ7* 

1 9. tulB^^ ^'Dt:>(^^Vj:< (ht^ 8 0-9 9 %7i^'miBB a - - h □ 

^i>*Dh'>T-^'2>ii*]Si 3mm<DNomm^wimo 

2 0. If*lil-1 9cr)li-rn;0U3Bt'ieffi$n/ta--hDvA^qB^'Dt: 
2 1. a-:r hDf>;i.Hb. 'J 3J^y-A*lc*Jfa^nfc a - - h n '>;i.h b . 
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H b (omm^(Dm^mmmm^n^(D^tiibirs Hhi)^mn^^mzmi^-^n 
. mmmm^zo2^^3kmz^m-t^:iizf)^'v^^^<^^^^ -^^^z. z(Dj:tiz 

n^)<DHh\ZM't^n^ik\t^ CO(D'^n^r)hl O O OfeJl^v-tSVi (Gibson. 
Q.H.. and Roughton, FJ.W.. Proc. Roy. Soc. London B. Biol. Sci. 163:197 

-205(1965))o St-^T. NO^iCO<h|W]^||. O2 cO^^-^^M^J^^^Ii:. ^l^mtl^^ 

{};^^-\^^:it\zj:r)skm(D^m^^\'^i^^th<Dt^m^ti. iSsim^iztmui^ 
mm^tm^^mmx-^&ir^m^izitmm'c^^t^m^ntzo 

(Nos) \z^-oT±i$\^x^m^n^f}^s ^iLm^\z{tmj^xi&mm\z^fE'r^ 

i4nig^»^T$)^cDT, No\tmmm^^^^^zm^^Lx^o^^0m^mx 

@g(cGMP)^^^L, cGMPJ^cGMP-fe#tt^3 7.>!r-HJgrt:><&§li6$-fr. f2:mmU± 
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mmt. iB^'p0m<om^izm\:t^ztf)^^o. ^tz. Nosnsgij. xit:z 

^\zE.^^z.ti)mm-^nxu^^ mn^(Dmm(DNo\t. m!k.n^\z^'^m\z 

Tl/i-S (Doyle. M.P.. and Hoekstra, J.W., J.Inorg. Chem. 14 : 351 -358(]981)) 

Kosaka;&^SeiyaDiat^, h D^'g-fe ij >'r^]lL;t u/ h t^Jfll*^0DO2 jjg^ft 
^td:, ^1 0 h)V:^m\Zi^yht^:it^m^\^{\^osBk^. H. and Seiyama. A. 
, Biochem. Biophys. Res. Commun. 218:7^9-752 (1996)) > ^fz. ^hn^^'Jii 

saka. H. and Seiyama, A., Nature Science 3:456-459(1997)) o 

^^K*(Hille. R., etal.. J.Biol. Chem. 254 : 123 10-121 20 (1979)) 0^5$; jfil 
i*4'(Kosaka. H.. etal., Am J.Physiol. 260:H]450-1453(1993) ; Erikson, L. 
E.G., Biochem. Biophys. Res. Conimun. 203: 176-181 (1994) ^^'^^^'n t:> (H 

b) iz'pmcDmtmm (no) ^mur^t. ^Hb^i^ov-^. ^b'^m\i'^<D 

•D^^O-^-i h:^'-( >^^y hiZimxlH&^'r^t. Hb(0-gB7!i^a-- hD->;i. 
HblCK{t;cFtl^(Kosaka, H. and Seiyama. A., Biochem. Biophys. Res. Coram 
un. 218:749-752(1996) ;Kosaka. H. and Seiyama. A., Nature Science 
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3:456-459{1997))c h-oth. y y hP^X'^M^tltza --hUi^)VHb(Dm:k 
fij'&f^, -^^^r h4'CD^HbC0 2 %*SSTS>^(Kosaka, H.. et al.. Am J. Physio 
1. 260: HI 450- 1453 (1993) ; Erikson, L.E.G.. Biochem. Biophys. Pes. Commun 
. 203:176-18] (1994) ; Kosaka, H. and Seiyama. A., Biochem. Biophys. Res. 
Commun. 218:749-752(1996) ; Kosaka. H. and Seiyama. A., Nature Science 3: 
456-459(1997))« 

6^ T'^^ (Kosaka, H., etal.. Am J.Physiol. 260:H1450-1453 (1993) ; Erikson 
. L.E.G., Biochem. Biophys. Res. Cornmun. 203:176-181(1994) ; Kosaka. H. 
and Seiyama. A.. Biochem. Biophys. Res. Commun. 218:749-752(1996). Kosak 
a. H. and Seiyama. A., Nature Science 3:456-459(1997))« 
m^mzmm^S^ a- - ha z^JVH b ^]g^-r^PE-t^::^ffi«> H b ^ a -'BlTS 

^^ite-&bT. a-^':r:x-y h<^;5^;&tNO^-&tJ4fi*a--hD->;i'Hb ( 
a(Fe-N0)2i3(Fe)2)^^fi)<:$-&^C:^"e^-p^c« a b D '>;i.H b <£llfa 
tt02=^^ U TTfe^r (tTi^^^gfe^tlTl^-SYonetani. T.. Proc, Japanese Medi 
cal Soc. Magn. Reson, (1995) ;Yonetani T., (Abstract 106S), Proc. 35th ES 
R Discussion Conference, Yaraagata, Japan (1996), p. 15)o 

mmmt^-^w^ (2-3 iiH) <D^mk\z. isLWLBLifMmm(^m^mn\z^ o 

-S)fc':^^7s'7;t ^'U-fel/— h (B P G)(Dm^^lfvyiO^Wi:)5tiWI&^\ZWL'P\^> z. 

(otcisbH b f)mm^i^mm\zt^it'^rixH b commmmmm^i.. ^m^^^ 
ffm^nrzifsim<D^mm^mt}f)myi^xm5hivxhBmzt^^rz^^^ b 

P G ItmM^m'^Mi&X^U^^COX. B P G ^^^tt^^JbLmz^-^LXh-^O^ 
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Mkmm^ms, ]22,S39^ (1 9 9 2i^6^ 1 6 Bfgfi^) {t. ^^i^ □ h: XDSS 

m-f^ ^ ^\tx^f^i^xh^ o 

w^x. ^m-^n^i5im:^\-tfkm.^^(omm^^im.^m±LXs ^K>^^&m\z 
m-ox^m'^mtx.. mi^^mm^zmm'ik\zmx^^j^^m:^t^<'tz.^t^x^^ 

«:^ci:vio :Lnib(0'Xfs^(OB^y.\t^n^(0}^mz'D\.'^x(o^X(Dt^^ tB^A 
mmx^^mm\zm-^< t)CDT$>o. Bi^^Tiz,n^<o'Scm0:>n^-'o\.^x<D 
mtmz'D\^^x<n>\^t'^f^^^m^hm^'t^^(ox\tt^\.^^ 

«foT, i^nm(ommt. isim:^\tMmt^^m)ii(Dmz^K)^mm^m'r^ 
:iht^x^. y.\mm^n(oM^^9i}^m\.x-^m.'^^^^^u\z>^^m^ 
m\zmtr^ z,t\z^K>. mmm^.(Dis^m^\ie,m \zm\^rz^<D\z^x^tzib<D^ 
m'Rmim.m^mwkt^z^txik^. z.(r>^oumt\z^r). ±wp^\z^\.^xo 
2 '^mm.\z6^^'t^mzmLrz\^i^y.\^M^m^^m% ^n^o :i(o^o fji^jmR 
mmmt. ±ik. Rumm'&ibim^^^^^'r^Mm^s.^^mMzmLrzhcD 
izm^^tzisbiz. :znih(Dmmizm\^^^cti^^x^^. 

^T.xmmr^ztiz^'DX. msbi^$^^^mm^(Di^tA.^x\^±xo:)Hb^ 
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t 

^^m\Zlm7LX'pf^<t^^0%. ^^\.<\t^Pf^<thB0^2^. 9 9 9 9 

%iL\tz.<ommn<oi^^^^mmiL\^^^ jff^L<t^'>j^j:<i:t>9 5-9 g. 9 

d^;^j:< ^:=b8 0 — 9 9. 9 9 9 9 %<7)H b^^ a b D vJlz-'N^riJ^D H> 

y.\t^(D^m\mm'.\zh^mmh\zmt^. zi(o^r)fm^m\ts stK^n. 
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)c a(#;l.:7^ U>)2/3(Fe)2A'1'yU^:/ K(FuJii, M.. et al,. J.Biol. Chem 
. 268:15386-15393(1993)) ;(B), HbMwe (Hayashi, A., et al.. J. Biol. Chem 
. 241:79-84(1966)) :(C), HbMBcs«n (Suzuki. T.. etal.. Biochem. Biophys. 
Res. CoDiiDun. 1 9: 691-695 (1965)) (D) , RD^b(Fe-N0)4 +IHP(Rein, H.. etal.. 
FEBS Lett. 93:24-26(1972) ;Wayland.B.B. .and Olson. L.W. J. Am. Chem. Soc. 9 
6:6037-6041 (1974) ;Maxwell, J.C, and Caughey. W.S., Biochemistry 15:388- 
396(1976)) H >'i^h-)]^^=^'^t-^7.yj:,-h) Xii a (Fe-N0)2 /3 (Fe)2 (Yoneta 
ni T.. (Abstract 106S). Proc. 35th ESR Discussion Conference. YamagataJ 
apan(1996)p.l5)(E)o ^mtJim7&±(0^^'V$>^iS:mm^mmHb{t. ^AFe«h 

(F8) mm(Da-mmh(Dm(D. wm-^ nx ^t^^ymmf^^^ (-» d -^-) t ^ ^ 

(FuJii.M. .et al. .J.Biol.Chen].268:15386-15393(1993))o 

m 2 it. 02 <D$m^T(A)X\m&T(B) a - - h D i^JlH b [ a (Fe- 

N0)2/3(Fe)2]CDX-A>HEPR;^^/7 0. 2U<DCl^^tS. O.IM 

bis-Tris^i^^S, pH7. 4iZ^^^'a\i>mmii^ (0. 5mM^A) ^ISt: 

x^mmL. EPRmm<Drzisbizmi^^mumxmmLrz. 7.^^h)iAtB<Dm 

o^^im-^mmx^K). HhC0(3-V-y'rL-yh^(DO2^^^lZ^:^T^. OzCD 
#l¥ffiTtC43tj*-&, pH4. 8T02nM UPOW^ET (C) :&1/IHPIN#SeT 
. 02H¥ffiT. pH9. 0 (D) lZ^i'f^a~-hai^JlHh(DEPRX^{?h 
1 0 0%5-iBteS^0%5-i2{4(Dll2p^LT^n^'n^l.ifcEPR7; 
h^l^v-^oLlx-vB >lcJ: 0, a-— hD->;i.HbOtt~tl-ya-^;/ ^^(D 
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m4\t. O2. IHP^r/pH(D|^ic<hLT(^, a - - h a ->;i/^Aa(A) ^ a (Fe 
-N0)2 /3(Fe)2(^P5o (IS-CtC^Stj-^, ^&^^m(D02(D^B) (B) (D^&^m 

PRv^^rrU-v^H >lC<t0^ffl=bo;^o a--hav;i/Hb (0. 5 mM'sA 
) mmmt. O. 2M Cl^WO. l MMs-IrisigW^S (pH6. O--?. 4) 
, 0. 2C ]^^0. IM Tris^t'^?!^ (pH8. 0-9. 0) . 35:1/0. IM 
^ JL^m- >^WiWi^ (pH4. 5 — 5. 5) ^izmmi^fzo A tC^-T 

HhC002m^^(D7r.-7yJ]^ (B^) pH7. 4 a h n 

5c^-G. 9) c 

^5f^, pH5.8(A), 6.6(B). 7.4(C)Ri;*.2(D) tC43tj-^?g?g+T*0H b (SA 

^ffifi^ti, 5 6 0 nmlC:felt^®7tS<D^{b^l Sr Til^fi^lCg^IT ^ d 

fi^ti, Olis-Hitachi 557-aiSSi^7t7tSft ( v 3 -v^T^m^-**- h) I^T 
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. -f^-f siiSS(Iniai. K., Allosteric Effects in Hemoglobin, Cambridge Unive 
rsity Press. Lonclon(]982))^fflliTiffl^L;^o -SiSSlcJ:0> Ja^Sgv^^KcD 



:^%m\t. mtm.m{i<o)tK :in^'v%7i^nT\^^tz^o\z^=^^*u\z>{ 
yih<r>w^mz^K>. mzz,(Dmti^m±^^k^^a:>x^^t^^o. ^^mm^^ 
wmmmz^\.^xmm^^r)-m\^^^mxm9kr^zztt^-^mxdb^z.t^R.]^^ 

tz. 

^m^ii^^^^mm. mmmM\.<\^nu^ \^-x\t.zin^(D^^ 
n>^i^K^^^)^(D^^^'u}d>{Hh)^^^si^m^mm\^x^^^'u\^ 

hj Ey.\t.±Xf)^ a - - h D f>;l.H b , X(i a - - h n /3-:t^>-Hb(?[)<t 

U':>x\^^^^nib(D^m.mm^i^&-t^:^t\zmvrz^<oxh^:i 
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\z^\.^x^mm\z^'DX~m^\zmm'^n^(^tm\:^M^^^'t^z.t.^nm-r 
zzxi&-<rz±x<Dm^^^zs:zm\t. B^yfk^^\z^<D±m^::<ommmizm 

^j^^^'^r^ti^zn^\zWi'&^ti^^o)xm£.\^^o 
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itmm^MM't^z^^mm't^o z.co^vts.±mm^izm^^(D^^mmt. 

(D^^i^^mi^-t^tzisbizmm^pHRzj^mmEE m^it. m^m. =tjmmE. 
mmRz^yxiftmmmimEE) ^^-t^^m^mzm'^ikcoh^mm^M^.'r^ z. 
t^mmr^. mmt^±m^mzB'^nx^^t^\^^urM^^(D$^^mmmm\t. 

^m^mzm^i§^(o^^mmmm\tmm^'iz^^rix:ido. mmizx^pim 
Tfe^o mmummt. miiz7jk^n^h<D^^^r^^^. crubizm^^ri^ 

h(DXittU\^K 

mi 

-m'dt^^m^mzm^^cDi^^mmmm 
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CPDA-1* (inM) 


o-ziv— ;KmM) 


Arc 8 (mM) H 




89.6 


17.3 


33.3 




15. 6 


2.7 


— 










139 




1 161.0 


35.5 




NaHjPO^ 


16.1 





2.9 


Na^HPO^ 





3.0 


12.0 




2.0 


2.2 


2.0 


7— 1 — ;u 









NaCI 




no. 4 




KCl 




5. 1 




CaClj 




1,7 




MgClj 




4. 0 




NaHCO, 




40.0 




pH 


5.7 


7.4 


7.4 



fC^t^^nrVi?). Hb»Ci*NOro^l©I^S®8S (Doyle, M.P.. and 
Hoekstra. J.W.. J.Inorg. Chem. 14:351-358(1981)) NOOjfaSSaS «1 

nxi^*, S<iMjlaRt;«tMjfa1^®7^*=^->Hb©fflSA«^n-?-'n*5 0. 2-0. 

^(C^l^ (100(ga±) . x:t=^->HblC?=fr-5NO©iS^fn'|4(5-Ett]^ 
i;6-iS{4r:hD->;WHblC3t^-r-&KoJ*, ^n^-'nsxio 'z MRmUlG-'^ M)(Gib 
son. Q.H., and Roughton. F.J.W.. Proc. Roy. See. London B. Biol. Sci. 16 
3: 197-205 0 965)) la. NO<h5j-=lr->H b i:®Sfr4C^l»T^.«Sn«.MjS-r2.fii 
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^^m) '^m^'^Xlt^^ikJ^^CDHbizmPi^t. me t Hb (DM^mtJimmtM.'b 
^l/ctlHYonetani, T. , and Tsuneshige, A., Biophys. J. 70:A220(1996))p ;1 
nt^^a%;t6nTli^«.'^JCRT^t>CDT^^ (Doyle. M.P., and Hoekstra. 
J.W., J. Inorg. CheiD, 14 :351-358(1981))o "tCDt^ioOs SfiStt^Ri(EPR) 
7.^{7 h)UZj:'oX. ^^hUzyJlUbOm^t^^th-^tlXl^^aonezanU T., a 
nd Tsuneshige. A., Biophys. J.70:A220(1996) ;Kosaka. H,, etal,. Am. J.Ph 
ysiol. 266:CH00-C1405(1994) : Erikson. L.E.G.. Biochem. Biophys. Res. Co 
lumun. 203: 176-181 (1994))o 2m<D a -RZS^ —*j":f3.-^y hf)^^gii^^=^^a 

-^fi-T^^ (Shiga. T.. et al.. Biochemistry 8: 378-383 (1969) Zi(DJ:vtJ: 

mmCD^vmnmizm-t^mm^^K^tSiYonetani, T., et al.. J.BioL Che 
m. 247:2447-2455(1972))o Hb ^1S:mmi^^^m\Ziyy h '^it^^l^tltj.y U 

^^tJi^X^^ h)l^m^7r:'tO(e±Ti, H., etal.. FEBS Lett 93:24-26(19 
72))c zn^(Dh y hiy^f i-)l(Df^m\t. a-^y::L-y h^(D-haz^ 
J\^^M.(D5-Mmn7t'X$>^Cty)m^^nX:^DQiiaylBn6, B.B,, and Olson 
. L.W., J. Am. Cheni. Soc. 96:6037-6041 (1974) ;Maxwell. J.C.. and Caughey. 
W.S., Biochemistry 15:388-396(3 976) ;Szabo. A., and Perutz. M.F., Biochem 
istry 15:4427-4428(1976)). Z^ltN 0(Dfi^\Z^':>T^\^mz^n^ a 
AFe>S5^His (F8) ^^^(D Yy>7.-T^iy^ ^l' (trans-axial) ^IM?!)^ bl^zg^ n 
^t) COT* -So 
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}^^ll6i)b^^(Traylor, T.G., and Sharraa. V.S.. Biochemistry 31 : 2847-2849 ( 
1992))o mm-r^t. -hai^Jl^Alts 6-iett<t':)=b5-iBfi;^?^'<tO^^T 
h^. C0^02(DJ:oUi:.m'^m^&=f'\t. 5 -lEftJ: «9 t> 6 -iSffi^ 

^nckOt)mM^ 41X43 0(Penjtz. M.F., Nature 228:726-739(1970)). a-it 
, and Kitagawa, T., Proc. Natl. Acad Sci. USA 77: 2033-2037(1 980) )c fito 

P R -> ^-rjKDlhWt. N 03&^ a - 1^-:;^^- ^> h tC^^ b :i ^^-Tl^^^JiS 

a. IB. (Fe). . (Fe-N0)32^O^(Fe02) t^, ^tl^n. a- 

T3^cJ:*^t»*l34 0 0 mM— bDixjl/^AtCt)}!^" ^3:i7J?^*fe'&(Kosaka, H., et al 
Am. J. Physiol. 266:C1400-C1405(1994)), 
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U O ARZSy^ jL^^i- h O Ail 5-'25mg/'10ml jfii^l^), ^x>ig 
±NU'^A(4 O'-e Omg/1 Om 1 iftti^). ^yiU >:M- U '^7 A (2mg/l 
Om 1 ifiir^) . EDTA--:M- U "^A ( 1 0 — 3 Om g/ 1 Om 1 ±ibi) ^Zflz 
ACD-Formual B?g?iS(l .Oml/lOniljfilffi) :6^*^lf ^n-STij^cn^ tClS^^n-S t)<^T 

/ 

. ztiimm'^^^m^r^mmTjiy^)i^-:^^\^T^m-r^zt\zj:ozz<D 

xitMm&id^izwtEr^& ^^^mm^mmmi^m6^'^ti^j:o \z. 3te^^i^^ 
m^msix^^^oiz-\-i^tm-^\zw-mf^n^. m^. m/utz^<Dm^\znv 
xmmx$>^ui^i,i. ^m^'iz^^ntzBb^^^cco^otji^^mi^^ztt^x 
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yf^Li^M:»mx\t. 'A<D:^mz^Ds ^fEir^\>^t/uax\t±x<DHhm(!.- 

ihm^nti^xo^ik. ^ifii7&^ffltie>n^f<j:e)tf, ^^m^^^timti^x. 

iSimwm(^^^nmmmm.^\zmm^nti. ^mh^^jm-^ntzikm^m 

X. 2 5— 1 0 0, 1 0 0-^2 5 0:^t/2 5 0 — 5 0 OmMCOcteinj:. 25 — 5 

h^^^<Lk^o:)m^f^^W$iM'^m\^^^:iti)^x^^. 'A^^x. ?tf^^4 — 20 
x:x\ 5 0 0 — aooogT. 3--9 o^m. x\tzti^(omm'p(o$>^^^m 
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^r^o z(DmmitPf^L<it2--3 omM^ixitutD-^. mo. 5-0. 7 

-1 Ofg, »Sb<til. 5-4{g)(7), pH5~6. 2, »^L<t^5. 6 - 

xm^'r^rzisbizTj\^::i>x\t^m:^7.^mi^^ztf)^x^^o mMmmmmco 
^(o^it^mmr^ :itizj:K). Himmito^mi^^^M^izmm-r^ ci ti!)^x^^ 

^•reVi-rn;5^(Dff^Ll^:5^tcJ:D. #ifii3F*cf3(DHbCDii>;'i:< ii'bS 0 — 9 9 
X\t. mR^^^lZ. a-^haiyj],. 13 -:t^i^Hb(DJi0Umm^M^^^^ 

vizm^nrz9!^mmxi,t^M^nrzw^ikmiPi^L<{tmmmim]km)L^ 
^m^mj:mmmx\t. 2-2 offiisinja (^j^^zmlx) <Dm:^^^>mi- 

h U ':>A(Na2S2 04)Xt^— h D y i^JUi$'^:t>^S - - h D V '>>^5"'i' >(D J: 
?'ci:Wt«-hDV^:t-;l/<Z>jg^i^^#jfaJ^il^i?^tcSDA, 1-10 0 Oif^m{y.\t 

<\t}^mt^ (0-2 0*0 o iSSJ^S (WAtf, ^AtC*^LT5 2- 

5 5%£^J:-9 7^d:, 5 1-8 0%(Dlga) (7)^5^®:^ h 'J '^7A(NaN02)3l^lW^l- 
::i^:t>^i-h^jOAtit^m^W}\zmt>izKfi:^Lxwtit^m^m^L. cni^ 
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H(5. so^ou^ 5. 0-6. 5<omm)^iiMmzm\^^ra--hui^)i^ 

(Fe-N0)2^ ((Fe-02)2))^^^rK$ii-'5e:^7&^-e#^. ;*;V^T. m^^?^tt^'«(EP 

h)v^iiMmzm\^HM^iimmmi\zuwii^tz^o\z). mmomi^co 

mikmt. mm'^x. -tu^-^^ m^^tmM(Drzii>\zi^<Djkm0!i^izi]u^^^x 

^•^nrz^'E^a\£>x\tm(o^'e^u\i>im^izmmt^:ittt^X'^^. ^ 

n\t'^tz. mmw.^mmm^m^^^^^^^'^^'^'^y'^^J^^'^^zmm^^ r 
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* V - A iz $ ntz^^ D t: > , $>^^^ mmx-mnt ntz^^^' n tr >. 

iiytLxmn^-t^m o . mmm'f-^m^-r^ zl tt^x^^ a - - h n i^)v^=E 

vATo:>m:mm\'t. m7r:(Dftisbfz\r'f(D%(Dx$>Ds m'i<Dm:^(of^mizm^'^n 
^^^^(omm'^m^'r^c t^MmT^h<Dx\ftu\.\ mm^-izt-DX. 

1. Chem. 268: 15386(1993)) <i:P?4in^, mtzU. t^i^Xmm'&(D'B^^m\Z^ 

^^Uy^\.X\^^0. AXe^lC&^^nfcHb/N-ryg y HT$)-g)Q:(porphyr 
in) 2 0 (Fe) 2 (Fuj i i . M . . e t al . J . Biol . Chem . 268 : 1 5386 ( 1 993) ) , R f&<K>Uh 
^^^^^^Tfe^HbMiwate (ass Hls^Tyr) (Hayashi.A., et al. J.Biol .Chem. 24 
1 : 79-84 (1966)) S^/HbMBoston (as? His-^Tyr) (Suzuki. T. .et al. . Biochem . Bioph 
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ys.Res. Commun. 19:691-695{1965))IS, Z<Di:otji^^\Z$>^h<D-C$>^. C 

FuJii.M..et al.. J. Biol. Chem. 268:15386(1993)). C:n?>®e^?P'l4SKHb« 
9Jim RU^m^-y^ ^ x - h (I^T □ ;^ U <;/ i') tc*f bT^^®§tt7ii:?;iffi^ (i^a 

fliet))T»s. 

iSaibfca-— hD-WI/Hb. a(Fe-N0)2 0 (Fe)2e. 02*«pIj£M»C 0 --y-^ 

ifr^EPR7~.^i7 h)l^?r:-t. znibomMit. a-=iha'>)VHh, a (Fe- 
N0)2/3(Fe)2«. Oim^WiETr'n. «8ff$n;t a M^l ■>-'l''^AFe-His(F8) 

{2H b-oiiX— fiS:Ml-^i@$n2> i'S fc, ?l)^J5!t$nfc a - ::: h □ v'Jl''^ A - 
His(F8)fe^S:«-r«.S5!SfPtt«^fc!^j:2.. SfoT. <£«Sfn1§ffiK4^cji*i7lc^^W 
T-KSl'fttfaSiM^^'.t. HbMi»« Rt/^bMBoston t«*fSSfi<)»C. o-r:hD->;W 

Hb< a(Fe-N0)2 0(Fe)2roi£?i?attsis4^ag«. mmif$ ni, tmmfmmm 

ICBlJ^WJC^-fb-r-S. a (Fe-N0)2 /3 (Fe)2 0 5 -lEfit 6 -SSfiCa h- Dv;!^ 
^J^mo>r^'i(OWm\i. 02. H'Rt;2,3-b'*:;:^*4^U-tU-KBPG)^IHP©J;ei 

;^tW«5^;^7x-hwfflSf^fflo1g?l;^Jlli»^?**(E3). <ki3ffii'^pHtci5it 

2D) . J;ip<Sl,ipHT02 0l^?¥StTi3J;mHP©#ffiT-r«, 5 / 

@ «&ii?pi4@^i*^) *«±T'fe-5(E2C). i&m{tizjiomm-^n^s^&.w-m 

htA, iSpH<BiJT':fc:^<. i&pHtC-^j:^JCOnTaM69lC/h$<fj:2)(ia4). IH 
P®1?ffiTT-pH4. 8Tfi, a(Fe-NO)2/3(Fe)2©a-::ihD->Jl''\AH*Ma<J 
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^miZ^^. ZCOZtn. Z(D<i:^tl^f¥Tr'it. a(Fe-N0)2 j3(Fe)2 7&«(a^?D 
a-- hD'>Jl.Hb, a(Fe-N0)2 /3 (Fe)2(-i, JtIBL;^clSfia£tf C7)E P RffliJS 

. w^m^jizcom^^LTzHh t^mizmmLx. rjiti^j vhiz^\.^x\:^. n 
&mo:>mm^ii<D02^^^jytLx^nm'r^m5D). ^^phtt 

\t. a ( :7 U >) 2 i9 (Fe) 2 . HbMwe SlO^bMBoston (D^o 

«i^H b ^± < mmtji:$immz$m9m<oi&m^ito2 ^^'0Ttu:bm5A) 

^mzm^it<D;^^02^^VT tt$i^{mSB:BLZJ^5 C). :ico^oiz. a-- 

hai^JVHh. a(Fe-N0)2/3(Fe)2ti, O2. H*. BVCXmiiVm^^^mmT^ 

it^mit. i5-^^<. m(Dm^t±<mmzvx a--huz^)iHb\z^m^-^ 
Ti^zti^^x^^. i^pHTxit. 't<D02m^^^mmmzm'p'r^(DXipH 
7. 4J!^TTAH^ = -- 0. 9), mmm^(0O2m^^mj}mtvx(D:^^-7S^i} 

±m^^^m^T\Z:^o\f-f^. C02CDa--hD i^JlH b iZ^^-t^ TOT.'r^Jy^ 

l^lZtl^(DX(pH7 . 4i^y5:X\tAH^^- 0. 5). Hb\t. ^ItpHTTll 
, mm.^(OO2<Dm¥^:^^J:0tmm&^\ZU^. 

s^n, mMm<D\^mzi<o^^'D<K>t&x'r^:itiz^o. fgc^ttenx 

l^U\^m!km<Dp^m\Z$>^^m&^lZ±X<DU bi&^^ a - - h D i^JVH b iZf 
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hit, Jifme*)*<*Ttw4oUT$;^. me t Hb'v<7)iS^t;lC?*LT»< ISif^^T? 
^<P<D^(Oh. 7 aKtl'»oSWRnO"CtC»»6<)iC^SL/t^^T-$>-pTt), ^ 

. ^tHZhii^ii^t>ib-r. #jfiH^rtroo-r:hD->JWHb«. ^-cDffi^SJfi^aA^ 

H b ©fiTbwc^^i^-ria*^*^ c H b J: 0 t>?j)^MJcm«ii'02 

:^^i^Hh, a-xha->;i'HbJit/7^h5-Ha->;i/Hb«. ;SfflT©»tK 
fitl^feftTlC^feV^TlkSIMlClimetHblCBE^bSnSA^ itmSnfcNOlSiS^<0 

n.etHb'v©Sf'ffcO?#«»!«. 1 SIClrJSV^T^n^'nS 9, 29,St;f2 7l^ 
P«^T-S)-5A5. 3 7'C-Pa^n^*tl7 8 0, 1 2 ORlJfS 8^NHzWp-ri>, J^fiK 
$ nfcmetH b tt. #ifa3E$l*|(C43l^TH b U ^'^ ^-ftC J: K) ^^^mzmi^U 

Tt4Hb®^'sA0?*?)2%CrJitt3-&«4 0 0 uLU)'S:TkVXmKi>:i t\tU\,^<0 

-;/ hroffFi'^y-f Htc*3tt-&. -haif')±^)>\zji'omm-^ntzO20m<om 

Kosaka.H.,and Seiyama. A. .Nature Medicine 3:456-459(1997)). Li>^Ltlii^<b 
, -hai/^)-t^}>\Z^r)mm^ni>a-=.ho iy)VH b (DmmiH b ©^'^A 
<DmA^2%7^MX'$>^ (Kosaka . H . , et al . . Am . J . Physiol . 266 : CI 400- 
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Cl405(1994))o Se^T, C:<^)^ft ^nfelS^tl. m^s. a--hD->Jl.HbJeJl^ 

X. mmm^m(OHh^a-=ihozy)\.Hh\zmm'r^:itf)^x^. ^n\z^^ 
xmmm^(D02(D,k onmmtj:mwm^^^f)^m^izu^. i&^mmmmiz 
i^^Lxmhm^^cDmiK mmizm^mmt. m^myi&^mMmmizt^-r^ 

X. c<Dm'^\zn'r^»Mmy&mmmm^\Bimir^rzibiz. Hb<Da--hD 

Tb^isb^tzidlzlt. m-Rif'i^~^miiK'S'f^(Dmit^^P^Hh(D02mmz%i^^. 

mmmz t ntz n o comm^mi^ u ttntiVj: ^buiK 

UX. NOltUhlz ^:^-^'»^>(':fTu7.^^)v{p} U:^*>H^LTM'&L. :k<0 

tt^ (C0RZS02) tmmizNoit. mtd^^rhatr^yi^z/diie^i^iLTHb 

Tl^, &5i^65tCCO^t^^L.;^^Hb i:l^tit'^Ti*-r-5(ia4D)« Hb-NOHS 

t)^&m^\z:^i'}^^mr^mms rt^to-b. 2^m7n7.^^jy^^y'jio{n 

le.R. .et al. .J.Biol.CheiD.254:12nO-12]20(1979)Moore,E.G. ,and Gibson, Q.H. 
J . Biol .Chem. 25] : 2788-2794 (1976)) t <D^-Wl\t^BlzmMXt A- h^h 

(D-^y^D^-y h:^^^m(DM(D^y':3^-y hizmmmn^i^^^z t^'pimz'T^ 
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tLX(OHh<DW\mt^±mmrikmf}m»^rir\^^^0±B.l., ez al. Jature 3 
80:221-226(1996))o Lfj^Lf^-^^^. mMK!k:B2.mm^lk<DWi:b th'^i^Umo:>'r 
:t^'>H b ^^tSo "r^t^z^H b CD^Aaic43lt -SN 0^c^)^fptt( 5 -iB<4Bl 
ZJ^e-imiZ-Ol^X. ■?-n^'nKD=5xlO-»2 mm^lO-'^ M) (Gibson, Q.H.. and Rou 
ghton.FJ.W. .Proc. Roy. Soc. London B. Biol. Sci. 163: 197-205(1965)) :t+'> 
Hb(7)/3« Cys-SHa(7)NO'\<7)«Sll$tl^SS?Ptt(i:it»UTS1ilCiSli. -SHt 
NO(i:CDrBlOS h Dfttj:. 1 ^SCD V F ^;^]^iJ^(-SH+NO<^^-S-NO*+r -^e" ) 

l^mtimm^^ U 7 T- S ^ a - - b □ ->;WH b H b •^n^Z.t^fskLtz 

hHh\zM'r^m.^mmnm\zmH>i o^)\zhmio^-f. uomxiz^^ 
fSS^jaMooPBlic. rji'tfNOf)m±mznLx^ii.(Dmm9^^\t&::-^U\^^f)^^ 
zti\z^^xmmr^:ztf)^x^^o z<D^oiz. Hb\t. n^mmizmmi. 

^NOf)^m\z^&'^^^ !km\zmM'^^mmz:^\^^x. no7s^^^>-j^rz^ 

a - - h a vJWH b . a (Fe-N O) z /3 (Fe) 2 ^If a;--hD->;l.Hb -&^f5pjflli* 
a-zihD'>;l^Hbti. h hHb(7)¥8iL/cnhn->;Wba-1^y:i- 
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■y-y^-*;/ hmX-COIB-'^rsJ^IlLy h^(DWi7itt. B-'^-yrL-y ht^^^^^n 
h\zm'^l'tiNO\t^miZy':t^iy a -^y':3.-y biZ^mT^o mskf$P^<DH 

b<Da- ^M, - h a z^)ut<omn^^ PK\z^K> ^mmzm.m\.f^f)^ ^ . ^k^x. 
rzmmt(omwmmm^mm^^^y^mw^No-±^mz'^i^\.rz. w^im 

F^CDH berg's ACT) 5 OX^ti^-Vui^Mt-^ntz^^. ^^9tW / ^mm*L-^m^ 

^^\knmm^^ o x^-cm^mzmn ltz. '^\^^x'm^nmMm,^ 02 tc^ ^, 
^mf^Qx:x^^m.i.rz. 

EPR^IJj^t^. Varian E106 X-band EPRT.-^^ h □ p^ — iS^ — ^9. ugHz. y >( 

Tnvjxmwmmi^mTxn-Dtzo mmmMm^^i^zo. smu^ACDm^xmm 
Ltz^=E{fn]:i>mm!m^. EPRmmcDfzisbizmmr^mz. mmjiOz:^^ 
x^^-i^y^^r^zitizjiKimmitL. m^ittmo2y)i^zi>:^7sXi 
5'CT3 o^w^-i^>^r^zL^mr)mrctizj:K)^mmitvrz. 

^MW'^rM'm^t. Imai^fflMCImai.K. .Allosteric Effects in Hemeoglobin.Cam 
bridge University Press. London (1 982) ) CDttfif5y\*—>? 3 >$:^t^ S^^lCOl^ 
TtiOlis-Cary WS-M^mi^^ytmB^ 3 ->^7jm^':tf- h) 
Sflgt'-^liT^SOlis-Hitachi 557 -mm^^t^ytma (S?3-i/7im^':y-h) 



(28) 



Its 2001-507375 



Jg ^ T ^ t? $) ^ C ^ L T V i -5 . 

{Hb);&^ lEnuHb tmmmiz9J}mmz. ^ps. mm^Rm^m'piz'imiz^ 
i^xj-m^n^m^^v^Tiz^^^xitiE'^tjiH hXK) hyj}mm\zo2 ^'^miz^ 

ft. No\z^K)mm^n^Hh<Dmmmt<Di^'¥-n.m\t. m^<DNOLHh<D^ 

-g) :i ^ o Ti5^ $ nr 

mc\zm^> ^fz. iSsim^(r>i^o\t^<^^tix\^^^^oiziii'si&^MtiyXo:> 
p^mm't^<Dx\ttji<. H b f)^^ r>9j}mmzo2 ^mnmmz^^t^ :zh^nj} 
n^hcDx^^tt^m-r^o ^^(o^mM^iz^^. nmik^sfs^mom^i^co^m^z 

mmm^'^mit^^'To jssLmmwz:h\^^x. -^mmf^Miko:>i<m<Djfimi)^mx 
]gis^pi4i^^(c^cj:'5;!>^^T^'S)c z(D^o\z. fiTM-^nrzMmtmik(Drzi^\z\t 

^i!)^Bst^^'^Wj&X^tJi^'^tzisb. zn^(Dit'^^^9\^^^^^^n^xh-^(D^>!ii 

ni^^m'^Ttizmr^it^tx^f^iK 

^ibiz. a--haiy)lHh\t. i£(/^02^|5fo14^Wb. BPGCD^^ET^Z^ 
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mmms 

mit^m (NO) ^tL'X. m^mmiz^i^^>^^i-)i^m<Dm2<D^ 

y't>i>^—X$>^c GUP(D±miZ^\^^X. pJ^ttCD^7-U— hv:i7^— if 

tfitfcb, :t=^->Hb t^J^:;LTiDetHb iNOz- /N03. i:^?|^^i-^o :iOck 
^^n;^cmetHbti, #Jfiif*^'<7)fStt;^i:iijetH b ^} ^ ^—^\z^y)m.'^\z'ri^^ 
'>HbtC3l7t;$n^. ]fii?^4'c?5Hbco^i^^jiS (^ifaJ^^q^ 2 0 mM^A) tcMT 

^'^o(Dmmm^m.^< \ iiw>m^%\zm^nx\'^^. z.<r>^r>f^0k^Tx 

NO^iT^:t:^->Hb^S^WtCQ!-- hnf>;i.Hb[a(Fe-NO) a(Fe)/3(F 
e)2Xtia(Fe-N0)2/3(Fe)2]tCS^f -5)0 ;in;^/^*^31#W^^|^TTti T 

d;^xU u/i:7;^j:, i£jSf0ttO2^^ 'J 7 (H b2S^rJ^a (Fe-N0)2 /3 (Fe)2 t't:?tiT-^ 

n^pnp5o = 3 o:&uc5 otorr)T^o> z.nmz^\zoiQ:^%mmi,^(iy^K^ym 

a-- - hDvJl.Hb [ a(Fe-N0)2 & a-^-^D^ZLv h 'f'tJ^Fe-HisCFS) 

«g^7i?«^i$lr$n. HbMiwaste [a'(Fe[III]87His^Tyr)2/3(Fe)2].HbMBosron [ a (Fe 
His-^Tyr)2 /3 (Fe)2SC/Q! (:/D Vifs)\,y U »2 /3 (Fe)2 ] (Fujii.et al. 
. J . Biol . Chem . 268 : 1 5386> 1 5393 (1 955) ^t^f^'^CD'j:^^ OT- {^W^'>&.mm) Hb 
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{Z$>^a (Fe-N0)2 0 {¥e)2\t. 0 -^Zf=L-y h^^K^^t^tl^ i:^JS6«]lCFe-Hi 

s(F8)sg^^j^fi£u. ^commwm7^^R-^^^^\^^'':>'^'^y ^^^^^ 
mLx 

i&^?P'ttHb, a (Fe-N0)2 /3 (Fe)? a)J^fig^:ft^LT*a«I^OK^i)'Ecr)i§:^<£:^ 
I C ji ^ T ^ ^ -r * -2) C i: =£: ^ b T i . 

^'^^m\zm^'Si't^r^mmwL^\zt&^^n. 9mi5mt. 

(b) Hb<D^f^< (hfcS 0--9 9. 9 9 9%:6^a~— ha v;l'HbtCtte{l:$ 
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7.t. 5mMCDKCl<h, 2 mMc^NaH2P04 1 mMC7)MgCl26H2 0^. 1 OmMO 

pH5. Bi:iO:>U>mmmm\t. OJSM Na2HP04<t0.15M KH2P04(h?:jl'& 
pH^5. StrmS-r^^ tlcJ:t9PiS-r^)lc:MM^L, :JMk^m^^ 

^2:^(D7s-7">i/X7.5^-;i.Mcoy-i^2 ocDif;^i#A$nTti-5o c:n6<?[)if 

{ 

(Na2S204) 60 5 Omg/mlJg^K (iSH-^:^>K^?^li. 5 Omg/m 1 C03i 
5 5%^S ('NAtCj^LT) CD, %J\tz\zmm:htz5 Omu/m\(OWmmi'V^) 

^'t>mtit^mmmmzm.t>\zKmLxmt^m^m^\^. mt'mm\t^'^^* 
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?S®iffi<Di§Ktt(pH5. S)i^=L{7U-7.mmmt. a-:zhD'>;b^qBi^D 
^J:r/^jr>©JS#l^P**"f e>UTKS^l:(a-- 
mmiz^'Dxmm'^ti^x$>^t. 

^^m^^^o:>M:i^m\zm':5\,^x^nLftf)^> ^tsi^mM^'^mx$>^zt 

mp^o:>:^nmu^WL\zmm'r^:iti)^x^^. :L<D^m\ziii^x'j}:^x\tmm^ 
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^nxitTikm^nxi^^^zt^^m't^hcDx^tUi.^. 

^mtm^'^tDitxmm^'^zmm^n^^o tc, mma^m^^orzibizmm-r^ t> 
o)x$>-ox. m'^o:)rzibo:>h(Dx\tmK 
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